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By D. E. BECKER, Professor of Animal Science 
T IKE ANY OTHER BUSINESS, THE SWINE OPERATION must be man­
aged with maximum efficiency to be profitable. Since feed costs 
make up 75 percent of the total cost of producing pork on Illinois 
farms, a skillfully formulated feeding program is essential for efficient 
swine production. To develop rations that are nutritionally adequate 
as well as economical, the swine producer needs a thorough knowledge 
of the nutrient requirements of swine. The first part of this circular 
discusses the nutrient balance of various swine rations; the last part 
presents a modern system of swine nutrition developed at the Univer­
sity of Illinois. 
In the past we recommended that growing and finishing hogs be 
self-fed an all-purpose supplement with shelled corn on good legume 
pasture. This system worked because the pig has a reasonable ability 
to balance his diet when fed on a free-choice basis, and because pasture 
consumption frequently overcame the nutrient deficiencies of the 
rations then in use. Better results are possible today, however, because 
we have learned that the pig has shortcomings in his ability to balance 
his diet when fed free-choice. In addition, our knowledge of the 
nutrient needs of swine is far more complete, and it is no longer nec­
essary to rely upon pasture as a source of vitamins and minerals. 
The Illinois System of Swine Nutrition has been developed as a 
result of this recent experimental work on the practical nutrition of 
swine. This system is based largely on complete rations that make 
maximum use of soybean meal as the supplementary source of amino 
acids. Corn and soybean meal, formulated to provide 16- and 12­
percent protein rations, and supplemented with the necessary vitamins, 
minerals, and antibiotics, constitute most of the feeding program. 
BALANCING THE NUTRIENTS IN SWINE RATIONS 
Balancing the nutrient content of swine rations is largely a matter 
of correcting the deficiencies of the cereal grain that serves as the 
primary source of energy. Yellow corn is the main cereal used in the 
Midwest, although it has several nutrient deficiencies for swine feed­
ing. Corn contains only 7 to 9 percent protein, and this protein is 
deficient in practically all of the amino acids required by the weanling 
pig. Corn also lacks several vitamins and minerals. In formulating 
swine rations, it is important to consider these deficiencies carefully. 
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E n e r g y  F e e d s  f o r  S w i n e  
S w i n e  r a t i o n s  a r e  u s u a l l y  d e v e l o p e d  a r o u n d  f e e d s  u s e d  t o  s u p p l y  
c a l o r i e s  o r  e n e r g y .  E n e r g y  i s  t h e  m o s t  c o s t l y  i n g r e d i e n t  o f  s w i n e  
r a t i o n s .  F o r  e x a m p l e ,  y e l l o w  c o r n ,  a n  e n e r g y  f e e d  t h a t  m a k e s  u p  a b o u t  
8 0  p e r c e n t  o f  t h e  a v e r a g e  s w i n e  r a t i o n ,  a c c o u n t s  f o r  a b o u t  6 5  t o  7 0  
p e r c e n t  o f  t h e  t o t a l  c o s t  o f  t h e  r a t i o n .  Y e l l o w  c o r n  i s  u s u a l l y  t h e  
c h e a p e s t  s o u r c e  o f  e n e r g y ,  b u t  p r i c e  f l u c t u a t i o n s  f r e q u e n t l y  j u s t i f y  
c o n s i d e r a t i o n  o f  o t h e r  f e e d s .  
T h e  r e l a t i v e  v a l u e s  o f  v a r i o u s  f e e d s  t h a t  m a y  b e  u s e d  a s  c o m p l e t e  
o r  p a r t i a l  r e p l a c e m e n t s  o f  y e l l o w  c o r n  i n  g r o w e r ,  f i n i s h e r ,  o r  b r e e d e r  
r a t i o n s  a r e  s h o w n  i n  T a b l e  1 .  
R e c o m m e n d e d  P r o t e i n  L e v e l s  
P e r h a p s  n o  c l a s s  o f  n u t r i e n t s  i s  m o r e  c r i t i c a l  i n  s w i n e  r a t i o n s  t h a n  
p r o t e i n s  o r  t h e i r  c o m p o n e n t s ,  a m i n o  a c i d s .  P r o t e i n  i s  n e e d e d  i n  t h e  
d i e t  o f  a l l  c l a s s e s  o f  s w i n e  t o  s u p p l y  a m i n o  a c i d s  f o r  t h e  p h y s i o l o g i c a l  
p r o c e s s e s  - m a i n t e n a n c e ,  g r o w t h ,  r e p r o d u c t i o n ,  a n d  l a c t a t i o n .  F o r  
i n s t a n c e ,  a  d e f i c i e n c y  o f  p r o t e i n  o r  o f  a n y o n e  o f  t h e  e s s e n t i a l  a m i n o  
a c i d s  i n  t h e  d i e t  o f  a  g r o w i n g  p i g  r e s u l t s  i n  s l o w e d  o r  a r r e s t e d  g r o w t h ,  
d e p r e s s e d  a p p e t i t e ,  a n d  i n e f f i c i e n t  f e e d  u t i l i z a t i o n .  S i n c e  4 0  t o  6 0  
p e r c e n t  o f  t h e  p i g ' s  t o t a l  d i e t a r y  p r o t e i n  i s  s u p p l i e d  b y  t h e  l o w - q u a l i t y  
p r o t e i n  o f  c o r n ,  t h e  a d d i t i o n  o f  s u p p l e m e n t a r y  p r o t e i n  o r  a m i n o  a c i d s  
i s  v e r y  i m p o r t a n t .  
T a b l e  1 .  - V a l u e  o f  C o r n  S u b s t i t u t e s  i n  G r o w e r ,  F i n i s h e r ,  
a n d  B r e e d e r  R a t i o n s  
P o u n d s  e q u a l
R e l a t i v e  v a l u e
F e e d  t o  1  p o u n d  o f
( p e r c e n t )  
y e l l o w  c o r n  
Y e l l o w  c o r n ,  g r o u n d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 0 0  
1 . 0 0  
C o m p l e t e  s u b s t i t u t e s :  

O a t s ,  r o l l e d  o r  d e h u l l e d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 0 7  . 9 3  

W h e a t ,  g r o u n d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 5  
1 . 0 5  

B a r l e y ,  g r o u n d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8 6  
1 . 1 6  

S o r g h u m  ( m i l o ) ,  g r o u n d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 4  
1 . 0 6  

P a r t i a l  s u b s t i t u t e s :  m a x i m u m  r e c o m m e n d e d  r e ­
p l a c e m e n t  o f  c o r n  
O a t s ,  g r o u n d - 2 5  p e r c e n t .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8 2  1 .  2 2  
R y e ,  g r o u n d - 2 0  p e r c e n t .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 0  
1 . 1 1  
B l a c k s t r a p  m o l a s s e s - 5  p e r c e n t .  .  .  .  .  .  .  .  .  .  .  .  .  .  5 9  1 .  6 9  
D r i e d  w h e y - 5  p e r c e n t .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 0  1 . 1 1  
T a l l o w - 5  p e r c e n t . . . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2 4 1  . 4 1  
L a r d - 5  p e r c e n t .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2 3 2  . 4 3  
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The minimum protein levels needed for optimum performance have 
received considerable attention. Recommended protein feeding levels 
are listed in Table 2. 
Excessive protein intake 
Despite reports of protein poisoning, It IS unlikely that exceSSlVe 
protein intake causes illness or death in swine. At the Illinois Station, 
a 42-percent protein diet composed of soybean meal, alfalfa meal, meat 
and bone scrap, minerals, and antibiotic failed to produce death losses 
in growing and finishing swine. Although the rate of gain was de­
pressed and diarrhea was prevalent, there was no other evidence of 
disease or toxic effects. 
Inadequacy of protein feeding standards 
Proteins are the source of dietary amino acids, and swine nutri­
tionists have attempted to comply with minimum amino acid require­
ments by adhering to prescribed protein levels. According to Table 2, 
for example, the 30-pound growing pig should be fed a ration contain­
ing 16 percent protein. The implication here is that all such rations 
would contain adequate amounts of the amino acids. The data pre-
A modern facility for feeding growing and finishing pigs in drylot. 
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T a b l e  2 .  - R e c o m m e n d e d  P r o t e i n  L e v e l s  a n d  A v e r a g e  F e e d  I n t a k e  
f o r  S w i n e  
C l a s s i f i c a t i o n  
P r o t e i n  
c o n t e n t  
o f  r a t i o n  
( p e r c e n t )  
A v e r a g e  
d a i l y  
f e e d  
i n t a k e  
( p o u n d s )  
A v e r a g e  
d a i l y  
p r o t e i n  
i n t a k e  
( p o u n d s )  
G r o w i n g  a n d  f i n i s h i n g  P i g s  
C r e e p  f e e d  ( s u c k l i n g ) ­ 5  t o  3 0  p o u n d s  . .  . . . .  2 0  
P i g  s t a r t e r  ( w e a n e d ) ­ 1 0  t o  3 0  p o u n d s . . . . . .  
2 0  . 9 0  
.  1 8  
G r o w e r - 3 0  t o  1 0 0  p o u n d s . . .  . . . . . .  . . . .  . . .  1 6  3  .  7 5  . 6 0  
F i n i s h e r ­ l 0 0  t o  2 0 0  p o u n d s  . . . . . . . .  . . .  . . . .  1 2  
6 . 7 5  
. 8 1  
G e s t a t i o n  
G i l t s . . . . .  .  . .  . . . . . . . . . . . . . . .  . .  . . . .  . .  . . . .  
1 6  
5  . 0 0  . 8 0  
S o w s - f i r s t  % . . . . . . . . . .  . . . . . . .  . . .  . .  . . .  .  .  1 2  5  . 0 0  
. 6 0  
l a s t  ~ . . .  . . . . . . . . . . . . .  . .  . . . . . . . . . .  1 6  5  . 0 0  
. 8 0  
L a c t a t i o n  
G i l t s  a n d  s o w s  . . .  . . . .  . . . . . . . . . . .  .  . . . . . . . .  1 6  1 2  . 0 0  
1 .  9 2  
B r e e d i n g  b o a r s  .  .  .  .  .  . . . . . . . . . . . . . . . . . . . . . . .  
1 6  6  . 0 0  
. 9 6  
s e n t e d  i n  T a b l e  3 ,  h o w e v e r ,  d e m o n s t r a t e  t h a t  d i e t s  c o n t a m m g  1 8  p e r ­
c e n t  p r o t e i n  m a y  b e  i n a d e q u a t e  f o r  p r o p e r  a m i n o  a c i d  n u t r i t i o n  o f  t h e  
w e a n l i n g  p i g .  
W e a n l i n g  p i g s  f e d  1 8  p e r c e n t  p r o t e i n  a s  e i t h e r  a  c o r n - f i s h  m e a l  d i e t  
s u p p l e m e n t e d  w i t h  m i n e r a l s  a n d  v i t a m i n s  ( E x p e r i m e n t  1 )  o r  a s  a  d i e t  
o f  c o r n  a n d  m e a t  s c r a p  w i t h  m i n e r a l s  a n d  v i t a m i n s  ( E x p e r i m e n t  2 )  
f a i l e d  t o  e x h i b i t  a  s a t i s f a c t o r y  r a t e  a n d  e f f i c i e n c y  o f  g a i n .  T h e  a d d i ­
t i o n  o f  t r y p t o p h a n  i m p r o v e d  t h e  r a t e  a n d  e f f i c i e n c y  o f  g a i n  i n  b o t h  
e x p e r i m e n t s .  T h i s  f a c t  i n d i c a t e s  t h a t  a m i n o  a c i d  d e f i c i e n c i e s  c a n  e x i s t  
i n  t h e  p r e s e n c e  o f  p r o t e i n  l e v e l s  t h a t  c o n f o r m  t o  t h e  m i n i m u m  
r e c o m m e n d a t i o n s .  
A s  t h e  b a s i c  i n g r e d i e n t  o f  s w i n e  r a t i o n s ,  c o r n  s u p p l i e s  a  c o n s i d e r ­
a b l e  p o r t i o n  o f  t h e  a m i n o  a c i d s ,  a l t h o u g h  i t  i s  d e f i c i e n t  i n  a l l  o f  t h e  
e s s e n t i a l  a m i n o  a c i d s  e x c e p t  a r g i n i n e  a n d  l e u c i n e .  H i s t i d i n e ,  v a l i n e ,  
a n d  p h e n y l a l a n i n e ,  w h i c h  a r e  o n l y  s l i g h t l y  d e f i c i e n t  i n  c o r n ,  a r e  o r d i ­
n a r i l y  s u p p l i e d  i n  p l e n t i f u l  a m o u n t s  b y  t h e  s u p p l e m e n t a r y  p r o t e i n s .  
T h e  l e v e l s  o f  isoleu~ine, l y s i n e ,  m e t h i o n i n e ,  t h r e o n i n e ,  a n d  t r y p t o p h a n  
m a y  b e  i n a d e q u a t e  a n d  n e e d  t o  b e  c o n s i d e r e d  c a r e f u l l y .  
M e n h a d e n  f i s h m e a l  a n d  m e a t  a n d  b o n e  s c r a p  d o  n o t  c o n t a i n  
e n o u g h  t r y p t o p h a n  t o  s u p p l e m e n t  c o r n  a d e q u a t e l y .  O t h e r  s o u r c e s  o f  
s u p p l e m e n t a r y  p r o t e i n  a r e  a l s o  t o o  d e f i c i e n t  i n  c e r t a i n  a m i n o  a c i d s  t o  
c o r r e c t  t h e  d e f i c i e n c i e s  i n  c o r n  p r o t e i n .  T a n k a g e  i s  l a c k i n g  i n  t r y p t o ­
7 Balancing Swine Rations 
Table 3. - Experiments Comparing 18-Percent Protein Rations 











Experiment 1 (average pig weight, 41 pounds) 
Corn-soybean meal diet ........ ..... .. . . .... 8 1.04 3. 06 
Corn-fish meal diet ......... ..... .. . ... ..... . 8 . 74 3 .90 
Corn-fish meal diet +0 .05 percent DL-
Tryptophan ............................. 8 1. 16 3.44 
Experiment 2 (average pig weight, 36 pounds) 
Corn-soybean meal diet . . ...... . .... ....... . 8 1. 23 2 .99 
Corn-meat and bone scrap diet . ........ . ... .. 8 .96 4 . 17 
Corn-meat a nd bone scrap diet+0 . 1 percent 
DL-Tryptophan . . . ...................... 9 1. 24 3 .33 
phan. Blood flour or meal is markedly deficient in isoleucine and 
slightly deficient in methionine. Cottonseed meal, linseed meal, and 
sesame meal contain limiting amounts of lysine. 
In view of these facts, it is well to remember that protein feeding 
standards for swine merely express a quantitative need for protein. 
Protein, regardless of its amino acid distribution, will not necessarily 
satisfy the pigs' need, even when fed at the prescribed level. For 
this reason, swine nutritionists must have a complete knowledge of 
amino acid needs when formulating diets. 
Amino Acid Requirements 
We have realized for a long time that it is the constituents of 
protein rather than protein itself that are critical in swine nutrition. 
Actually, swine do not require protein in the diet. Workers at the 
Purdue Station have obtained normal growth in weanling pigs fed 
only purified amino acids and an additional source of nitrogen. 
Although about 22 amino acids have been recognized in animal 
feeds, only 10 of these are considered essential for swine nutrition. 
An essential amino acid is one that the pig cannot manufacture at a 
sufficiently rapid rate to permit maximum rate of gain. If a source 
of nitrogen is present, the non-essential amino acids can be synthesized 
by the body tissues, and therefore are not required in the diet. 
Although the non-essential amino acids are not required in the 
diet, cystine and tyrosine can satisfy a part of the need for the essential 
8  
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a m i n o  a c i d s  m e t h i o n i n e  a n d  p h e n y l a l a n i n e ,  r e s p e c t i v e l y .  T h e  e s s e n t i a l  
a n d  n o n - e s s e n t i a l  a m i n o  a c i d s  f o r  t h e  p i g  a r e  l i s t e d  b e l o w .  
E s s e n t i a l  N o n - e s s e n t i a l  
A r g i n i n e  
A l a n i n e  
H i s t i d i n e  
A s p a r t i c  A c i d  
I s o l e u c i n e  C i t r u l l i n e  
L e u c i n e  
C y s t i n e  
L y s i n e  
G l u t a m i c  A c i d  
M e t h i o n i n e  
G l y c i n e  
P h e n y l a l a n i n e  
H y d r o x y g l u t a m i c  A c i d  
T h r e o n i n e  
H y d r o x y p r o l i n e  
T r y p t o p h a n  N o r l e u c i n e  
V a l i n e  
P r o l i n e  
S e r i n e  
T y r o s i n e  
U n t i l  r e c e n t l y ,  i t  w a s  a s s u m e d  t h a t  t h e  a m i n o  a c i d  n e e d s  o f  s \ v i n e  
w e r e  c o n s t a n t  p e r c e n t a g e s  o f  t h e  d i e t a r y  p r o t e i n .  B u t  i t  i s  n o w  c l e a r ,  
e v e n  t h o u g h  t h e  i n d i v i d u a l  a m i n o  a c i d s  h a v e  b e e n  s t u d i e d  a t  a  v e r y  
l i m i t e d  n u m b e r  o f  p r o t e i n  l e v e l s ,  t h a t  a m i n o  a c i d  n e e d s  a t  o n e  p r o t e i n  
l e v e l  w i l l  n o t  n e c e s s a r i l y  s a t i s f y  t h e  n e e d s  a t  a l l  l e v e l s  o f  a d e q u a t e  
p r o t e i n  i n t a k e .  
M o s t  o f  t h e  f e e d i n g  t r i a l s  f o r  d i r e c t l y  m e a s u r i n g  t h e  a m i n o  a c i d  
r e q u i r e m e n t s  o f  s w i n e  h a v e  b e e n  c o n d u c t e d  a t  t h e  C o r n e l l ,  I l l i n o i s ,  
a n d  P u r d u e  S t a t i o n s .  S t u d i e s  a t  I l l i n o i s  h a v e  s h o w n  t h a t  t h e  i s o l e u c i n e  
a n d  l y s i n e  r e q u i r e m e n t s  e x p r e s s e d  a s  a  p e r c e n t  o f  t h e  p r o t e i n  a r e  n o t  
t h e  s a m e  a t  t w o  l e v e l s  o f  a d e q u a t e  p r o t e i n  i n t a k e .  I n  f a c t ,  t h e  a m o u n t s  
E s s e n t i a l  A m i n o  A c i d  D e f i c i e n c y .  T h e  w e a n l i n g  p i g  o n  t h e  l e f t  w a s  f e d  a  
r a t i o n  w i t h  a d e q u a t e  i s o l e u c i n e .  T h e  p i g  o n  t h e  r i g h t  w a s  f e d  a n  i s o l e u c i n e ­
d e f i c i e n t  d i e t  f o r  2 8  d a y s .  N o t e  t h e  m a r k e d  d i f f e r e n c e  i n  g r o w t h .  
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of isoleucine and lysine required in the protein decrease as the level 
of protein increases. 
A substantial amount of data with the chick seems to verify the 
conclusion that the required percentage of certain indispensable amino 
acids in the protein decreases rather directly as the protein level in­
creases. It has not yet been determined, either for the pig or the chick, 
whether this interaction applies to all of the essential amino acids, but 
it seems logical to assume that it does. 
The values shown in Table 4 are based upon the principle that the 
amino acid requirements, expressed as a percent of the protein, decrease 
in a linear manner as the level of dietary protein increases. Our 
pre ent knowledge of the amino acid needs of swine is limited to wean­
ling pigs; the requirements of baby pigs, finishing pigs, and breeding 
animals have not yet been clearly defined. 
Formulation of grower supplements on amino acid basis 
Since drylot supplements are formulated to contain about 36 percent 
protein, pigs selecting a 16-percent protein diet will consume a com­
bination of approximately 74 percent corn and 26 percent supplement 
(in 100 pounds of ration, corn will contribute about 6Yz pounds of 
protein, and the supplement, about 9Yz pounds). The weanling pig 
may consume an even higher level of protein, but the calculations 
shown here insure that he will get enough protein. 
l\Iinimum percentages of the various amino acids required in a 
36-percent protein supplement are listed in Table 5. Since yellow 
corn consumed as 74 percent of the diet would fully satisfy the pig's 
requirement of arginine and leucine, these amino acids would not be 
needed in the supplement. The amounts of histidine, valine, and 
phenylaline provided in the supplement are relatively unimportant 
-less than 30 percent of the total requirement. On the other hand, 
the supplement plays an important role in providing adequate levels 
of the remaining amino acids. Lysine, tryptophan, isoleucine, methio­
nine, and threonine must be present in the supplement in sufficient 
concentration to supply 76, 67, 50, 53, and 49 percent of the total 
need, respectively. 
Lysine and tryptophan are the primary amino acids required in the 
protein supplement. Usually sufficient isoleucine and threonine are 
provided if the requirement for lysine and tryptophan is satisfied with 
the supplementary proteins. If the supplementary protein is supplied 
largely as soybean meal, then the level of methionine in the supplement 
may be borderline. 
1 0  
C i r c u l a r  N o .  8 1 1  
T a b l e  4 .  - A m i n o  A c i d  N e e d s  o f  t h e  W e a n l i n g  P i g  
a t  V a r i o u s  P r o t e i n  L e v e l s  
N e e d  a t  d i e t a r y  p r o t e i n  l e v e l s  o f s  
A m i n o  a c i d  
1 2 %  1 4 %  1 6 %  1 8 %  2 0 %  2 2  %  2 4 %  
( p e r c e n t  o f  d i e t )  
A r g i n i n e  . . . . . . . . . . . . . . . . .  
H i s t i d i n e . . . . . . . . . . . . . . . . .  
. 2 1  
. 1 9  
. 2 3  
. 2 1  
. 2 5  
. 2 3  
. 2 8  
. 2 4  
. 2 9  
. 2 6  
. 3 0  
. 2 7  
. 3 1  
. 2 8  
I s o l e u c i n e  . . . . .  . . .  . . . . .  . .  .  
. 4 2  
. 4 8  
. 5 2  . 5 7  
. 5 8  . 6 1  . 6 3  
L e u c i n e  . . . . . .  .  . . . . . . . . . .  .  . 5 7  . 6 3  . 6 7  . 7 4  . 7 7  . 8 1  . 8 3  
L y s i n e  . . . . . . . . . . . . . . . . . . .  
. 6 1  
. 6 8  
. 7 4  . 7 9  
. 8 4  . 8 7  . 9 0  
M e t h i o n i n e
b  
. . . . . . . . . . . . . .  
. 4 0  
. 4 5  
. 5 0  . 5 3  
. 5 6  . 5 8  . 6 0  
P h e n y l a l a n i n e
b  
. . . . . . . . • • . .  
T h r e o n i n e  . . . . . . . . . . .  . . . . .  
. 4 4  
. 3 7  
. 4 9  
. 4 2  
. 5 4  
. 4 5  
. 5 8  
. 4 9  
. 6 1  
. 5 1  
. 6 3  
. 5 3  
. 6 5  
. 5 5  
T r y p t o p h a n  . . . . . . . . . . . . . .  . 1 0  
V a l i n e  . . . . . . .  . . . . . .  . . .  . .  .  
. 3 8  
. 1 1  
. 4 3  
. 1 2  
. 4 6  
. 1 3  
. 5 0  
. 1 4  
. 5 2  
. 1 5  
. 5 4  
. 1 5  
. 5 6  
a  C a l c u l a t i o n s  a r e  b a s e d  u p o n  t h e  a s s u m p t i o n  t h a t  t h e  r e q u i r e m e n t  f o r  a l l  a m i n o  a c i d s ,  
e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  p r o t e i n ,  d e c r e a s e s  l i n e a r l y  a s  t h e  d i e t a r y  p r o t e i n  i n c r e a s e s .  
T h e  r a t e  o f  t h e  d e c r e a s e  i s  t h e  m e a n  o f  t h a t  r e p o r t e d  f o r  i s o l e u c i n e  a n d  l y s i n e .  T h e  n e e d  f o r  
e a c h  a m i n o  a c i d ,  e x p r e s s e d  a s  a  p e r c e n t  o f  t h e  p r o t e i n ,  w a s  a s s u m e d  t o  d e c r e a s e  1 . 7 5  p e r c e n t  
( f r o m  i t s  v a l u e  a t  0  p e r c e n t  p r o t e i n )  p e r  u n i t  i n c r e a s e  i n  p e r c e n t  p r o t e i n .  
b  C y s t i n e  c a n  s a t i s f y  4 0  p e r c e n t  o f  t h e  t o t a l  n e e d  f o r  m e t h i o n i n e  a n d  t y r o s i n e  c a n  s a t i s f y  
3 0  p e r c e n t  o f  t h e  t o t a l  n e e d  f o r  p h e n y l a l a n i n e .  
T a b l e  5 .  - M i n i m u m  A m i n o  A c i d  L e v e l s  R e q u i r e d  

i n  a  3 6 - P e r c e n t  P r o t e i n  S u p p l e m e n t  

( F o r  w e a n l i n g  p i g s  f e d  a  1 6 - p e r c e n t  p r o t e i n  d i e t  b a s e d  

o n  7 4  p o u n d s  o f  c o r n  t o  2 6  p o u n d s  o f  s u p p l e m e n t )  

T o t a l  r e ­
A m i n o  a c i d  
q u i r e m e n t  
( p e r c e n t  
o f  d i e t )  

A~gi!1i!1e .  . .  . . . . . . . . . . . . . .  .  
. 2 5  

H l s t l d m e . . . . . . . . . . . . . . . . .  .  
. 2 3  

I s o l e u c i n e  . .  . .  . . . . ' . . . . . . . .  .  
. 5 2  

L e u c i n e  . . . . . . . . . . . . . . . . . .  .  . 6 7  

L y s i n e  . . . . . . . . . . . . . . . . . . .  .  . 7 4  

M e t h i o n i n e . . . . . . . . . . . . . . .  .  . 3 0  

C y s t i n e
s
. . . . . . . . . .  . .  . .  .  .  . 2 0  

T h r e o n i n e . . . . . . . . . . . . . . . .  .  . 4 5  

T r y p t o p h a n . . . . . . . . . . . .  . .  .  . 1 2  
V a l i n e  . .  . . . . . .  . . . . .  . . . . . .  .  . 4 6  
P h e n y l a l a n i n e  .  .  .  . . . . . . . . .  .  
. 3 8  
T y r o s i n e
s
.  .  .  .  . . . .  . . . . . .  .  . 1 6  
I n  7 4  
I n  2 6  
p o u n d s  o f  
p o u n d s  o f  
c o r n  s u p p l e m e n t  
( p o u n d s )  
. 2 8  
. 1 6  
. 0 7  
. 2 6  . 2 6  
. 7 8  
. 1 8  
. 5 6  
. 1 4  . 1 6  
. 1 0  . 1 0  
. 2 3  . 2 2  
. 0 4  
. 0 8  
. 3 3  . 1 3  
. 3 0  . 0 8  
. 3 3  
M i n i m u m  
l e v e l  r e ­
q u i r e d  i n  
s u p p l e m e n t  
( p e r c e n t  o f  
s u p p l e m e n t )  
. 2 7  
1 . 0 0  
2 . 1 5  
. 6 2  
. 3 8  
. 8 5  
. 3 1  
. 5 0  
. 3 1  
a  C y s t i n e  c a n  s a t i s f y  4 0  p e r c e n t  o f  t h e  t o t a l  n e e d  f o r  m e t h i o n i n e  a n d  t y r o s i n e  c a n  s a t i s f y  
3 0  p e r c e n t  o f  t h e  t o t a l  n e e d  f o r  p h e n y l a l a n i n e .  
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Choice of amino acid supplements in grower and 
finisher rations 
Soybean meal is an outstanding source of supplementary amino 
acids for feeding swine, and will satisfy the required amino acids 
for a supplement fed with corn (see chart below). Although soy­
bean meal contains only margil1al amounts of methionine, recent 
studies have failed to demonstrate that a 16-percent protein ration 
consisting of fortified yellow corn and soybean meal is improved by 
supplementary methionine. The excellent amino acid distribution and 
low cost of soybean meal have made it the most popular source of 
supplementary amino acids in swine rations. 
Of course, other supplements of varying amino acid distribution 
are available, and may be used as price differentials indicate. The 







METHIONINE ~ IN SOYBEAN MEAL 




- x>>> ', ,/, VALINE 
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AMINO ACID CONTENT OF SUPPLEMENT 
The above chart shows that soybean m eal completely satisfies the amino 
acid requirements in a suppl ement fed with corn. 
1 2  
C i r c u l a r  N o .  8 1 1  
o n  t h e  b a s i s  o f  t h e i r  a b i l i t y  t o  p r o v i d e  t h e  e s s e n t i a l  s u p p l e m e n t a r y  
a m i n o  a c i d s  r a t h e r  t h a n  p r o t e i n .  
C a l c u l a t e d  s o y b e a n - m e a l  r e p l a c e m e n t  v a l u e s  f o r  v a r i o u s  a m i n o  
a c i d  s u p p l e m e n t s  a r e  s h o w n  i n  T a b l e  6 .  I n  g e n e r a l ,  t h e  r a t i n g s  r e f l e c t  
t h e  v a l u e  o f  t h e  v a r i o u s  f e e d s  i n  r e p l a c i n g  u p  t o  5 0  p e r c e n t  o f  t h e  
s o y b e a n  m e a l  i n  a  f o r t i f i e d  c o r n - s o y b e a n  m e a l  r a t i o n  c o n t a i n i n g  1 6  
p e r c e n t  p r o t e i n .  A l l  o f  t h e  f e e d s  c c . n t a i n  a s  m u c h  o r  m o r e  m e t h i o n i n e  
t h a n  s o y b e a n  m e a l ,  a n d  t r y p t o p h a n  i s  n o t  l i k e l y  t o  b e  d e f i c i e n t  w h e n  
t h e  r a t i o n  c o n t a i n s  a t  l e a s t  1 0  p e r c e n t  o f  s o y b e a n  m e a l .  T h e r e f o r e ,  t h e  
r e p l a c e m e n t  v a l u e s  o f  t h e  s u p p l e m e n t s  a r e  c a l c u l a t e d  o n  t h e i r  a b i l i t y  
t o  p r o v i d e  l y s i n e ;  t h e  v a l u e s  a r e  c o r r e c t e d  f o r  t h e  v a r i a t i o n  i n  q u a n t i ­
t i e s  r e q u i r e d  t o  r e p l a c e  s o y b e a n  m e a l .  
T a b l e  6 .  - V a l u e  o f  A m i n o  A c i d  S u p p l e m e n t s  
i n  G r o w e r  a n d  F i n i s h e r  R a t i o n s  
R e l a t i v e  
P o u n d s  e q u a l  
v a l u e  t o  1  p o u n d  o f
S u p p l e m e n t  ( p e r c e n t )  
s o y b e a n  m e a l a  
S o y b e a n  m e a l  ( 4 4  p e r c e n t  p r o t e i n ) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 0 0  1 . 0 0  
S o y b e a n  m e a l  ( S O  p e r c e n t  p r o t e i n ) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 0 4  
. 9 6  
C o t t o n s e e d  m e a l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8 6  1 .  1 6  
L i n s e e d  m e a l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8 1  1 .  2 3  
S e s a m e  m e a l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8 2  1 .  2 2  
D i s t i l l e r s '  s o l u b l e s ,  d r i e d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7 7  1 . 3 0  
F i s h m e a l ,  m e n h a d e n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 1 8  
. 8 5  
M e a t  a n d  b o n e  s c r a p  ( S O  p e r c e n t  p r o t e i n )  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 0 1  . 9 9  
T a n k a g e  ( 6 0  p e r c e n t  p r o t e i n )  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 1 0  . 9 1  
B l o o d  m e a l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  1 2 3  . 8 1  
S k i m m i l k ,  d r i e d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9 6  1 . 0 4  
a  V a l u e s  b a s e d  u p o n  t h e  r e l a t i v e  a m o u n t  o f  s u p p l e m e n t s  r e q u i r e d  i n  a  1 6 - p e r c e n t  p r o t e i n  
r a t i o n  c o n t a i n i n g  5 0  p e r c e n t  o f  t h e  r e c o m m e n d e d  l e v e l  o f  4 4  p e r c e n t  s o y b e a n  m e a l .  
Q u a n t i t a t i v e  V i t a m i n  a n d  M i n e r a l  L e v e l s  i n  S w i n e  R a t i o n s  
R e c o m m e n d e d  l e v e l s  f o r  t h o s e  v i t a m i n s  a n d  m i n e r a l s  t h a t  d e m a n d  
s e r i o u s  c o n s i d e r a t i o n  w h e n  f o r m u l a t i n g  p r a c t i c a l  s w i n e  r a t i o n s  a r e  
s h o w n  i n  T a b l e  7 .  T h i s  t a b l e  i s  n o t  i n t e n d e d  a s  a  c o m p l e t e  d e s c r i p t i o n  
o f  t h e  n e e d s  f o r  t h e s e  t w o  c l a s s e s  o f  n u t r i e n t s .  F o r  e x a m p l e ,  w i t h  
r a t i o n s  c o n t a i n i n g  8 0  p e r c e n t  y e l l o w  c o r n ,  a  d e f i c i e n c y  o f  v i t a m i n  E ,  
v i t a m i n  K ,  t h i a m i n e ,  p y r i d o x i n e ,  f o l i c  a c i d  o r  b i o t i n  i s  u n l i k e l y .  S i m i ­
l a r l y ,  i t  i s  n o t  l i k e l y  t h a t  m a g n e s i u m ,  p o t a s s i u m ,  a n d  s u l f u r  w i l l  b e  
d e f i c i e n t  i n  u s u a l  s w i n e  r a t i o n s ,  a n d  c o b a l t  d o e s  n o t  s e e m  t o  b e  r e q u i r e d  
i n  r a t i o n s  a m p l y  f o r t i f i e d  w i t h  v i t a m i n  B
1 2
•  
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Table 7. - Recommended Vitamin and Mineral Levels 
for Swine Rations 





Vitamin A, L V . per lb .. ......... 1,500 1,800 2,250 2,500 

or carotene, mg. per lb . .. ..... . 1.8 2.2 2.7 3 .0 





Riboflavin, mg. per lb . ........... 1. 50 1.00 .85 1.00 

Nicotinic acid , mg. per lb . ........ 12 8 6 8 

Pantothenic acid , mg. per lb . ..... 7.5 5 .5 5 .0 5 .5 

Choline, mg. per lb .. .. . ......... 600 400 375 400 





Calcium, percent . .. ...... .90 .75 .50 . 75 

Phosphorus, percent .... .. ...... . .60 .50 .35 .50 

Salt, percent .................... .50 .50 .35 .50 

Zinc, mg. per lb ... . . .. . ..... 30 30 20 30 

1 Accordin g to the N ational Research Council, tenta tive recommendations for certain trace 
minerals for normal growth and reproducti on are 2 m g. of copper, 15 mg. of iron, 0.1 mg. of 
iodine, and 18 mg. of manganese per pound of di et. 
Fortification of swine rations 
The amount of fortification required in ordinary swine rations can 
be calculated from the values shown in Table 8. Since yellow corn 
and soybean meal are the main ingredients of Midwestern swine 
rations, it is the vitamin and mineral deficiencies of these two feed­
stuffs that must be corrected. A combination of 80 percent yellow 
corn and 20 percent soybean meal has been employed as a typical 
mixture for the calculation of the supplementary level of vitamins and 
minerals. Of course the level of some supplementary nutrients varies 
with different rations. Vitamin additions may be quite similar for all 
swine rations, however, because the different ingredients of swine 
rations do not vary widely in vitamin content. Mineral additions, on 
the other hand, are more variable, and are primarily affected by the 
level of animal byproducts in the ration. 
Vitamin fortification. Of all the important vitamins, probably 
vitamin A presents the greatest problem. Since vitamin A requirements 
are directly proportional to body weight, the total daily vitamin A 
intake and the recommended level per pound of ration increase with 
increasing body weight. 
1 4  
6 6 0  
C i r c u l a r  N o  .  8 1 1  
T a b l e  8 .  - V i t a m i n  a n d  M i n e r a l  F o r t i f i c a t i o n  o f  a  T y p i c a l  

C o r n - S o y b e a n  M e a l  M i x t u r e  

S u g g e s t e d  l e v e l  t o  a d d  t o
b  
c o r n - s o y b e a n  
C o n t e n t  o f  
N u t r i e n t  
G r o w e r
m e a l  
G r o w e r  
( m i x i n g )
m i x t u r e s  
r a t i o n  
s u p p l e m e n t  
F a t - s o l u b l e  v i t a m i n s  
V i t a m i n  A ,  L V .  p e r  l b . .  . . . . . . . . .  .  5 5 0
c  
2 , 4 2 0  
o r  c a r o t e n e ,  m g .  p e r  l b  . .  . . . . . . .  .  
1 .  s d  
V i t a m i n  D ,  L V .  p e r  l b . . . . . . .  . . . .  .  1 5 0  
W a t e r - s o l u b l e  v i t a m i n s  
R i b o f l a v i n ,  m g .  p e r  l b . . . . . . . . . . .  .  .  
. 7  . 5  
2 . 2  
P a n t o t h e n i c  a c i d ,  m g .  p e r  l b . . . . . .  .  4 . 0  
2 . 5  1 1 . 0  
N i c o t i n i c  a c i d ,  m g .  p e r  l b  . .  . . . . . . .  .  
2 . 0 e  
7 . 5  
3 3  . 0  
C h o l i n e ,  m g .  p e r  l b . . . .  . . . . . . . . . .  .  4 3 0  5 0  
2 2 0  
V i t a m i n  B
1 2
,  m c g .  p e r  l b . . . . . . . . . .  .  8 . 0  
3 5 . 2  
M i n e r a l s  
C a l c i u m ,  p e r c e n t . . . . . . . . . . . . . . . .  .  . 0 7  . 6 8  
3 . 0 0  
P h o s p h o r u s ,  p e r c e n t  .  . .  . .  . . . .  .  . .  .  .  . 3 4  . 1 6  
. 7 0  
T r a c e - m i n e r a l i z e d  s a l t ,  p e r c e n t . . . .  .  . 5  
2 . 2  
a  A  m i x t u r e  o f  8 0  p e r c e n t  y e l l o w  c o r n  a n d  2 0  p e r c e n t  s o y b e a n  m e a l .  
b  V i t a m i n  a d d i t i o n s  p r o v i d e  l e v e l s  2 0  p e r c e n t  g r e a t e r  t h a n  t h e  l e v e l s  s u g g e s t e d  i n  T a b l e  7 .  
c  S u g g e s t e d  s u p p l e m e n t a r y  v i t a m i n  A  l e v e l s  f o r  c r e e p  o r  s t a r t e r  r a t i o n ,  f i n i s h e r  r a t i o n ,  
b r e e d e r  r a t i o n ,  a n d  b r e e d e r  s u p p l e m e n t  a r e  1 , 5 0 0 ,  7 5 0 ,  1 , 5 0 0 ,  a n d  6 , 6 0 0  L U .  p e r  p o u n d ,  
r e s p e c t i v e l y .  
d  S i n c e  t h e  v i t a m i n  A  a c t i v i t y  o f  y e l l o w  c o r n  h a s  b e e n  o b s e r v e d  t o  d r o p  s h a r p l y  a f t e r  
s t o r a g e ,  o n l y  6 0  p e r c e n t  o f  t h e  a c t i v i t y  o f  c o r n  i s  c o n s i d e r e d  a v a i l a b l e  f o r  t h e  p i g .  
e  T h e  n i c o t i n i c  a c i d  c o n t e n t  o f  y e l l o w  c o r n  i s  c o n s i d e r e d  t o t a l l y  u n a v a i l a b l e  t o  s w i n e .  
S i n c e  c r e e p  r a t i o n s  a n d  p i g  s t a r t e r s  c o n t a i n  l i m i t e d  q u a n t i t i e s  o f  
y e l l o w  c o r n ,  a  g r e a t e r  p a r t  o f  t h e  d i e t a r y  v i t a m i n  A  m u s t  b e  p r o v i d e d  
i n  s u p p l e m e n t a r y  f o r m s  t h a n  i n  r a t i o n s  f o r  m o r e  m a t u r e  s w i n e .  I n  
a d d i t i o n ,  v i t a m i n  A  a n d  p r o v i t a m i n  A  i n  f e e d s  a r e  r e a d i l y  d e s t r o y e d .  
O r d i n a r i l y ,  y e l l o w  c o r n  m a y  p r o v i d e  a  c o n s i d e r a b l e  p a r t  o r  a l l  o f  t h e  
v i t a m i n  A  a c t i v i t y  r e q u i r e d  i n  t h e  r a t i o n s  o f  c e r t a i n  c l a s s e s  o f  s w i n e .  
H o w e v e r ,  s i n c e  y e l l o w  c o r n  h a s  b e e n  o b s e r v e d  t o  l o s e  a s  m u c h  a s  6 0  
p e r c e n t  o f  i t s  v i t a m i n  A  a c t i v i t y  d u r i n g  t h e  f i r s t  s e v e n  m o n t h s  o f  s t o r ­
a g e ,  i t  i s  n o t  a  d e p e n d a b l e  s o u r c e  o f  v i t a m i n  A .  A  s u p p l e m e n t a r y  
s o u r c e  o f  v i t a m i n  A  s h o u l d  b e  a d d e d  t o  c o r n - s o y b e a n  m e a l  r a t i o n s  i n  
o r d e r  t o  i n s u r e  a n  a d e q u a t e  s u p p l y  o f  t h i s  i m p o r t a n t  v i t a m i n .  
O f  t h e  s u p p l e m e n t a r y  l e v e l s  o f  w a t e r - s o l u b l e  v i t a m i n s  n e e d e d ,  
n i c o t i n i c  a c i d  d e s e r v e s  p a r t i c u l a r  a t t e n t i o n .  A c c o r d i n g  t o  r e c e n t  s t u d i e s ,  
m u c h  o f  t h e  n i c o t i n i c  a c i d  o f  y e l l o w  c o r n  e x i s t s  i n  a  b o u n d  f o r m  t h a t  
i s  l a r g e l y  u n a v a i l a b l e  t o  s w i n e .  F o r  t h i s  r e a s o n ,  y e l l o w  c o r n  i s  n o t  
c r e d i t e d  w i t h  c o n t a i n i n g  a n y  n i c o t i n i c  a c i d ,  e v e n  t h o u g h  s o m e  f e e d  
t a b l e s  i n d i c a t e  t h a t  c o r n  m a y  c o n t a i n  a s  m u c h  a s  1 0  m i l l i g r a m s  o f  
n i c o t i n i c  a c i d  p e r  p o u n d .  T h e r e  i s  a l s o  e v i d e n c e  t h a t  o t h e r  c e r e a l s  
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Nicotinic Acid Deficiency. The weanling pig on the left was fed a high­
corn ration adequate in nicotinic acid. The pig on the right was fed a high­
corn ration without supplementary nicotinic acid. This pig grew slowly, 
exhibited a rough hair coat, and had intermittent diarrhea. Upon autopsy, 
the intes tinal tract was found to be ulcerated. 
contain nicotinic acid that is not available to the pig. 
Tryptophan may be used to satisfy the need for nicotinic acid. 
Since corn-soybean meal rations are usually high in their tryptophan 
content, they would not be benefited by the addition of nicotinic acid. 
The vitamin and mineral requirements listed in Tables 7 and 8 are 
made on the premise that the diet contains the minimum tryptophan 
level suggested in Table 4. When other supplementary sources of 
amino acids (meat and bone scrap or fishmeal, for example) replace 
a part or all of the soybean meal, the tryptophan level may not be 
high enough to satisfy the need for nicotinic acid. 
A vitamin supplement supplying 1 gram of riboflavin, 5 grams of 
pantothenic acid, 15 grams of nicotinic acid, 100 grams of choline, and 
16 milligrams of vitamin B12 per ton of feed will adequately fortify 
the water-soluble vitamin content of a grower or breeder ration (values 
from Table 8 multiplied by 2,000). Finisher rations will be adequately 
fortified with 50 percent of these supplementary levels, and a double 
level is required in creep or starter rations. When added according to 
this schedule, a vitamin supplement that provides 1500 LV. of vitamin 
A and 150 LV. of vitamin D per pound of grower ration will be ade­
quate for all classes of swine rations. 
Mineral fortification. Swine rations vary primarily in their 
calcium and phosphorus requirements; otherwise the mineral feeding 
levels are rather uniform for all types of rations. Corn and soybean 
meal mixtures are adequately fortified with calcium and phosphorus 
1 6  
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~ - _ . _ - \ ­
I  
C a l c i u m  D e f i c i e n c y  ( r i c k e t s ) .  T h e  y o u n g  p i g  o n  t h e  r i g h t  w a s  f e d  a  r a t i o n  
e r i o u s l y  d e f i c i e n t  i n  c a l c i u m .  N o t e  w e a k e n e d  a n d  d e f o r m e d  b o n e  s t r u c t u r e  
o f  h i n d  l e g s ,  d e p r e s s e d  g r o w t h ,  a n d  g e n e r a l  l a c k  o f  t h r i f t i n e s s .  F r a c t u r e d  
v e r t e b r a e  a n d  s u b s e q u e n t  l o s s  o f  c o n t r o l  o f  h i n d  l e g s  i s  a  c o m m o n  c h a r ­
a c t e r i s t i c  o f  c a l c i u m  d e f i c i e n c y .  N o r m a l  l i t t e r - m a t e  i s  a t  l e f t .  
f o r  g r o w e r  a n d  b r e e d e r  r a t i o n s  b y  a d d i n g  2  p e r c e n t  o f  e q u a l  p a r t s  
g r o u n d  l i m e s t o n e  a n d  d i c a l c i u m  p h o s p h a t e  o r  s t e a m e d  b o n e m e a l .  
M i n e r a l  m i x t u r e s  d e s i g n e d  t o  s u p p l e m e n t  c o r n - s o y b e a n  m e a l  r a t i o n s  
s h o u l d  h a v e  a  c a l c i u m  t o  p h o s p h o r u s  r a t i o  o f  4  o r  4 . 5  t o  1 .  F o r  
e x a m p l e ,  w h e n  a d d e d  a t  2 . 5  p e r c e n t  o f  t h e  r a t i o n ,  a  m i x t u r e  c o n t a i n i n g  
2 7  p e r c e n t  c a l c i u m  a n d  6  p e r c e n t  p h o s p h o r u s  w i l l  a d e q u a t e l y  s u p p l e ­
m e n t  a  c o r n - s o y b e a n  m e a l  r a t i o n  f o r  g r o w i n g  p i g s .  
Z i n c  D e f i c i e n c y  ( p a r a k e r a t o s i s ) .  T h e  p i g  o n  t h e  r i g h t  w a s  f e d  a  z i n c ­
d e f i c i e n t  r a t i o n  t o  p r o d u c e  p a r a k e r a t o s i s .  S y m p t o m s  o f  t h i s  c o n d i t i o n  a r e  
s l o w e d  g r o w t h ,  u n t h r i f t i n e s s ,  v e r y  h a r s h  a n d  d r y  h a i r  c o a t ,  a n d  a  d a r k  
b r o w n i s h  s e c r e t i o n  o n  t h e  f o r e  a n d  h i n d  l e g s ,  h a m s ,  a n d  b e l l y .  N o t e  c l e a n ,  
s m o o t h  h a i r  c o a t ,  n o r m a l  b o d y  c o n f o r m a t i o n ,  a n d  i m p r o v e d  g r o w t h  o f  l i t t e r ­
m a t e  a t  l e f t .  T h i s  p i g  w a s  f e d  t h e  s a m e  d i e t  w i t h  s u p p l e m e n t a r y  z i n c .  
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Table 9. - Trace-Mineral Needs in Complete Rations and Salt Mixtures 
Salt mixture,S Addition to
recommended
::vIineral complete rationtrace-mineral levels (mg. per pound)(percent) 
Copper . . . . . . . ... . ..... .. ..... . .. .. .. . .022 . 5 

Iron .................................. . . . . 18 4 

Iodine .. .............. .. ... . .. .... ... ... . . 007 .160 

Manganese ................... . ... . ...... . .75 17 

Zinc ......... . . . ........................ . . 5 11.4 

a Salt mixture designed for adding at O.S percent of complete rations. 
The level of calcium and, especially, phosphorus supplementation 
should be reduced as feeds of animal origin are introduced into the 
diet. For example, 5 percent of meat and bone scrap or menhaden 
fishmeal in grower, finisher, or breeder rations completely eliminates 
the need for phosphorus supplementation. The calcium need with 5 
percent meat and bone scrap may be satisfied by adding 0.5 percent of 
ground limestone, and the calcium need with 5 percent menhaden fish­
meal may be satisfied by adding 1.0 percent of ground limestone. 
Recommendations for trace-mineral additions to complete swine 
rations and for levels in a salt mixture are listed in Table 9. 
Antibiotics and Arsenicals 
Antibiotics and arsenicals are now considered standard ingredients 
of swine rations. Although the complete reason for the beneficial 
influence of these feed additives is not yet known, at least a part of 
the effect depends upon the health of the pig. The unhealthy pig 
responds more to antibiotics than the healthy pig. Chlortetracycline 
(aureomycin) , oxytetracycline (terramycin), and procaine penicillin 
were first considered the antibiotics of greatest value for adding to 
swine rations. ow it appears that certain mixtures of these anti­
biotics with one another or with streptomycin or bacitracin are more 
effective sources of antibiotic activity for swine. 
Arsenicals such as arsanilic acid or 3-nitro-4-hydroxy-phenylarsonic 
acid may be used alone or with antibiotics in medicated feeds. Thera­
peutic feeds containing 50 to 200 grams of antibiotic or more per ton 
are used with arsenicals for the prevention or control of infectious 
enteritis in swine. The use of arsenicals should be discontinued at least 
5 days before slaughtering to eliminate the drug from edible tissues. 
Recommended supplementary levels of antibiotics and arsenicals are 
shown in Table 10. 
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T a b l e  1 0 .  - A n t i b i o t i c  a n d  A r s e n i c a l  S u p p l e m e n t a t i o n  o f  S w i n e  R a t i o n s  
S u p p l e m e n t a r y  l e v e l ,  g r a m s  p e r  t o n  
R a t i o n
a  
C r e e p  o r  s t a r t e r . . . .  . . . . . . . . . . . . .  .  

G r o w e r . . . .  . . . . . . . . . . .  .  . . .  .  . . . .  .  

F i n i s h e r . . . . . . . . . . . . . . . . . . . . . . . .  .  

B r e e d e r . . . . . .  . . . . . . . . . . . . . . . . . .  .  

S u p p l e m e n t  ( 3 5 - 4 0  p e r c e n t  p r o t e i n )  

P i g . . . . . . . . . . . . . . . . .  . . . .  . . . . .  .  

H o g . . . . . . . . . . . . . . . . .  . . . . . . . .  .  

S o w . . . . . . . . . . . . . . . . . . . . . . . . .  .  

T h e r a p e u t i c
b  
• . . . . . . . .  . . . • . . . . . . .  

A n t i b i o t i c  
4 0  

1 0 - 2 0  





5 0 - 1 0 0  

o o r  5 0  

o  
5 0 - 2 0 0  

A r s a n i l i c  
a c i d  
9 0  

9 0  

9 0  

o  
4 5 0  

4 5 0  

o  
9 0  

3 - n i t r o - 4 - h y d r o x y ­
p h e n y l  a r s o n i c  a c i d  
2 2  

2 2  

2 2  

o  
1 0 0  

1 0 0  

o  
2 2  

a  F e e d s  c o n t a i n i n g  a n  a r s e n i c a l  a l o n e  o r  a n  a n t i b i o t i c  a t  5 0  g r a m s  o r  m o r e  p e r  t o n  a r e  
d e s i g n a t e d  a s  m e d i c a t e d  f e e d s .  
b  F o r  t r e a t m e n t  o f  i n f e c t i o u s  e n t e r i t i s  a n d  c e r t a i n  o t h e r  d i s e a s e s .  F u r a z o l i d o n e  f e d  f o r  
1 0  t o  1 4  d a y s  a t  3 0 0  g r a m s  p e r  t o n  o f  c o m p l e t e  r a t i o n  i s  u s e f u l  i n  o u t b r e a k s  o f  b a c t e r i a l  o r  
v i b r i o n i c  d y s e n t e r y .  
A  m o d e r n  f a c i l i t y  f o r  m i x i n g  s w i n e  r a t i o n s  o n  t h e  f a r m .  
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ILLINOIS SYSTEM OF SWINE NUTRITION 
Some of the principal reasons underlying the development of the 
Illinois System of Swine utrition are as follows. 
1. Growing and finishing pigs fed complete rations gain equally 
well on pasture and drylot. Values for feed efficiency verify that grow­
ing and finishing pigs consume very limited amounts of forage, indi­
cating that drylot and pasture rations should be equally well fortified 
with amino acids, minerals, and vitamins. 
2. Compared with al ternati \"e uses of the land, growing and 
finishing pigs yield an inadequate return from pasture. Each acre of 
good pasture has a feed-saving value of only 360 pounds when stocked 
at 40 pigs per acre. The breeding herd can make better use of available 
pasture. 
3. Self-feeding bred sows and gilts is an expensive method of 
feeding. Although self-feeding minimizes labor expense, it requires a 
bulky, fibrous ration that bred sows and gilts consume at about twice 
the level of a corn-soybean meal ration. Therefore, the total feed cost 
of self-feeding is considerably greater than that of hand-feeding a 
concentrated ration. Over-all economy usually favors hand-feeding a 
concentrated ration once daily to bred sows and gilts. 
Hand-feeding during gestation prevents sows from overeating and gaining 
exces weight. 
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4 .  I t  i s  n o t  n e c e s s a r y  t o  f e e d  a  f i b r o u s  a n d  l a x a t i v e  r a t i o n  a t  
f a r r o w i n g  t i m e .  S o w s  a n d  g i l t s  c a n  b e  p e r m i t t e d  l i m i t e d  a c c e s s  t o  a  
c o n c e n t r a t e d  r a t i o n  a t  f a r r o w i n g  w i t h o u t  i n c r e a s e d  i n c i d e n c e  o f  l a c ­
t a t i o n  d i s o r d e r s .  
5 .  O n  p a s t u r e ,  g r o w i n g  a n d  f i n i s h i n g  p i g s  o f  a l l  w e i g h t s  g a i n  
m o r e  r a p i d l y  w h e n  f e d  c o m p l e t e  r a t i o n s  t h a n  ' w h e n  f e d  f r e e - c h o i c e .  I n  
d r y l o t ,  p i g s  f e d  c o m p l e t e  r a t i o n s  s h O \ v  a  r a t e  a n d  e f f i c i e n c y  o f  g a i n  
a t  l e a s t  e q u a l  a n d  f r e q u e n t l y  s u p e r i o r  t o  t h a t  o f  p i g s  f e d  a  f r e e - c h o i c e  
r a t i o n .  
6 .  C o m p l e t e  r a t i o n s  p e r m i t  b e t t e r  c o n t r o l  o f  s u p p l e m e n t  i n t a k e .  
C o n t r o l l i n g  s u p p l e m e n t  i n t a k e  c a n  b e  a  p r o b l e m  w h e n  t h e  s u p p l e m e n t  
i s  t o o  p a l a t a b l e  o r  t h e  g r a i n  i s  u n p a l a t a b l e .  S i n c e  c o m p l e t e  r a t i o n s  
p e r m i t  b e t t e r  c o n t r o l  o f  s u p p l e m e n t  i n t a k e ,  t h e y  a r e  o f t e n  m o r e  e c o ­
n o m i c a l  t h a n  r a t i o n s  f e d  f r e e - c h o i c e .  
7 .  G r o w i n g  a n d  f i n i s h i n g  p i g s  a r e  m o r e  u n i f o r m  w h e n  f e d  c o m ­
p l e t e  r a t i o n s  t h a n  w h e n  f e d  f r e e - c h o i c e .  
8 .  C o m p l e t e  r a t i o n s  p e r m i t  t h e  s w i n e  f e e d e r  t o  m a k e  m a x i m u m  
u s e  o f  l o w - c o s t  s o y b e a n  m e a l  a s  t h e  s o u r c e  o f  s u p p l e m e n t a r y  a m i n o  
P a s t u r e  c a n  b e  b e t t e r  u t i l i z e d  b y  t h e  b r e e d i n g  h e r d  t h a n  b y  g r o w i n g  a n d  
f i n i s h i n g  p i g s .  L a n d  s u i t a b l e  f o r  i n t e n s i v e  c r o p p i n g  w i l l  y i e l d  a  h i g h e r  
r e t u r n  f r o m  g r a i n  p r o d u c t i o n  t h a n  w h e n  u s e d  a s  p a s t u r e  f o r  s w i n e .  
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acids. Although soybean meal is too palatable to be self-fed free­
choice with corn, it is an excellent source of the amino acids required 
to supplement corn. The added economy of maximum use of soybean 
meal is usually enough to offset normal grinding and mixing charges. 
Pig-starter or creep rations 
A pig-starter ration for pigs from 10 to 15 pounds (weaned at two 
or three weeks ) up to 30 pounds, and a creep ration for suckling pigs 
up to 30 pounds are described in Table 11. 
Grower and finisher rations 
Grower and finisher rations are listed In Table 12. Illinois Ration 
16 may be self-fed as a grower ration for pigs from 30 to 100 pounds; 
Illinois Ration 12 can be self-fed as a finisher ration for pigs from 
100 to 200 pounds. Antibiotic and arsenicals are recommended in the 
gro,,"er-and-finisher ration as indicated in Table 10. Either the grower 
or the finisher ration may be used as a therapeutic feed by the addition 
of the necessary antibiotic and arsenical fortification. 
Table 11. - Pig-Starter and Creep Rations 
Pig-starter CreepIngredients 
ration ration 
Protein content, percent. ..... . .. . . ... ....... . ..... . 20 20 

Dried whey (sweet, 70 percent lactose), pounds . .. . ... . 500 300 

Soybea n meal (50 percent), pounds .. . .... . . . .. . .... . . 360 520 

Dried skimmilk, pounds .. .. . ... . .. .. .. .... . . .... . . . . 300 100 

Sugar (cane or corn), pounds ....... . ............ . .. . 200 200 

Rolled oats or oat groats, pounds .. . .. ...... .. ...... . 300 200 

Yello,," corn (finely ground), pounds .... . ..... .. .... . . 250 580 

Animal fat, pounds . . . . .. . . . ... .. . .... . . ...... .. ... . 40 40 

Trace-mineralized salt,a pounds .. . . . ....... . .. . .. . . . 10 10 

Ground limestone, pounds .. ..... . .. . ...... .. . .. ... . . 10 20 





Vitamin A, LV. ... . . .... . ... . ....... .. . . ........ . 6, 000,000 6,000,000 

Vitamin D2, LV... .. . .. .. ..... . .... . .. . . . ..... . . . 600,000 600,000 

Riboflavin, grams . .... .. ... . .. . . ... . . .. . .. ... .. . . 2 2 

Nicotinic acid, grams ..... ..... ... . ..... .. . . ... .. . 30 30 

Pantothenic acid, grams .... . . .. .. .. .. ... . .... ... . 10 10 

Choline, grams .. .... ..... . .. . . .. .... . ... .... ... . . 200 200 

Vitamin B12, milligrams . .. ..... . .. . ..... . . . . .. . . . . 32 32 

An ti biotic, b grams .. . . . .... . . . . . .. . .. . .... . . . . .. .. . . 40 40 

Arsenical, grams . . . . .. .... ...... . ............... .. . (c) (c) 

a Containing trace minerals as shown in Table 9. 

b Vitamin and antibiotic supplements may replace the equivalent amounts of yellow corn. 

e Added in accordance with recommendations in Table 10. 

2 2  
1 2  
C i r c u l a r  N o  .  8 1 1  
T a b l e  1 2 .  - G r o w e r  a n d  F i n i s h e r  R a t i o n s  ( I l l i n o i s  R a t i o n s  1 6  a n d  1 2 )  
I l l i n o i s  R a t i o n  1 6  I l l i n o i s  R a t i o n  1 2  
I n g r e d i e n t s  ( p i g s  f r o m  3 0  ( p i g s  f r o m  1 0 0  
t o  1 0 0  p o u n d s )  
t o  2 0 0  p o u n d s )  
P r o t e i n  c o n t e n t ,  p e r c e n t . . . .  . . . . .  . .  .  . .  . . . . .  .  1 6  
G r o u n d  y e l l o w  c o r n  ( m e d i u m  g r i n d ) ,  p o u n d s  . .  .  
1 , 5 5 0  1 , 7 6 5  
S o y b e a n  m e a l  ( 4 4  p e r c e n t ) , a  p o u n d s . . . . . . . . .  .  
4 0 0  2 0 0  
T r a c e - m i n e r a l i z e d  s a l t , b  p o u n d s  . . . . . . . . . . . . .  .  
1 0  7  
G r o u n d  l i m e s t o n e ,  p o u n d s . . . . . . . . . . . . . . . . . .  .  2 0  1 4  
D i c a l c i u m  p h o s p h a t e  o r  s t e a m e d  b o n e m e a l ,  
p o u n d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  2 0  1 4  

V i t a m i n  a d d i t i o n s
c  

V i t a m i n  A ,  J . U . . . . . . . . . . . . . . . . . . . . . . . . . .  .  
3 , 0 0 0 , 0 0 0  1 , 5 0 0 , 0 0 0  

V i t a m i n  D
2
,  J . U . . . . . . . . . . . . . . . . . . . . . . . . .  .  3 0 0 , 0 0 0  1 5 0 , 0 0 0  

R i b o f l a v i n ,  g r a m s . . . . . . . . . . . . . . . . . . . . . . .  .  1  . 5  

N i c o t i n i c  a c i d ,  g r a m s  . . . . . . . . . . . . . . . . . . . .  .  
1 5  
7 . 5  

P a n t o t h e n i c  a c i d ,  g r a m s . . . . . . . . . . . . . . . . .  .  
5  
2 . 5  

C h o l i n e ,  g r a m s . . .  . . . . . . . . . . . . . . . . . . . . . . .  .  1 0 0  5 0  

V i t a m i n  B
1 2
,  m i l l i g r a m s  . . . . . . . . . . . . . . . . . .  .  
1 6  8  

A n t i b i o t i c ,  g r a m s
c  
• • . . . . . . . . . . . . . . . . . . . . . . . .  
( d )  ( d )  

A r s e n i c a l ,  g r a m s
d  
. .  .  .  . . . . . . . • •  . • . . . . . . . . . . .  
( d )  
( d )  

a  W h e n  S O  p e r c e n t  s o y b e a n  m e a l  i s  u s e d ,  t h e  a m o u n t  m a y  b e  r e d u c e d  t o  3 6 0  p o u n d s  i n  
I l l i n o i s  R a t i o n  1 6  a n d  1 6 0  p o u n d s  i n  I l l i n o i s  R a t i o n  1 2 .  T h e  d i f f e r e n c e  m a y  b e  a d d e d  a s  c o r n .  
b  M a y  b e  a d d e d  a s  o r d i n a r y  s a l t  a n d  a s  a  t r a c e - m i n e r a l  m i x t u r e .  I f  t h e  t r a c e - m i n e r a l i z e d  
s a l t  c o n t a i n s  l e s s  t h a n  0 . 5  p e r c e n t  z i n c ,  a d d  0 . 1  p o u n d  o f  z i n c  c a r b o n a t e  p e r  t o n  o f  c o m p l e t e  
f e e d .  
e  V i t a m i n  a n d  a n t i b i o t i c  s u o p l e m e n t s  m a y  r e p l a c e  t h e  e q u i v a l e n t  a m o u n t s  o f  y e l l o w  c o r n .  
d  M a y  b e  a d d e d  a s  i n d i c a t e d  i n  T a b l e  1 0 .  W h e n  I l l i n o i s  R a t i o n s  1 6  a n d  1 2  a r e  u s e d  a s  
b r e e d e r  r a t i o n s ,  t h e  a n t i b i o t i c  a n d  a r s e n i c a l  s h o u l d  b e  o m i t t e d .  
B r e e d e r  r a t i o n s  ( w i t h o u t  a n t i b i o t i c  o r  a r s e n i c a l ,  e x c e p t  
a s  t h e r a p e u t i c  r a t i o n )  
G i l t s  r e t a i n e d  f o r  b r e e d i n g  p u r p o s e s  s h o u l d  b e  r e m o v e d  f r o m  t h e  
f e e d l o t  a t  1 7 5  t o  2 0 0  p o u n d s  a n d  h a n d - f e d  I l l i n o i s  R a t i o n  1 2  a t  a  r a t e  
o f  6  p o u n d s  p e r  h e a d  d a i l y .  S o w s  a n d  g i l t s  m a y  b e  s e l f - f e d  I l l i n o i s  
R a , t i o n  1 2  t h r e e  w e e k s  p r i o r  t o  b r e e d i n g .  
A f t e r  m a t i n g ,  I l l i n o i s  R a t i o n  1 2  s h o u l d  b e  h a n d - f e d  t o  s o w s  a n d  
I l l i n o i s  R a t i o n  1 6  t o  g i l t s  a t  t h e  r a t e  o f  4  p o u n d s  p e r  h e a d  d a i l y .  I l l i n o i s  
R a t i o n  1 2  m a y  b e  h a n d - f e d  t o  b o t h  s o w s  a n d  g i l t s  o n  p a s t u r e  a t  t h e  
r a t e  o f  3  p o u n d s  p e r  h e a d  d a i l y .  
D u r i n g  t h e  l a s t  t h i r d  ( 5  w e e k s )  o f  t h e  g e s t a t i o n  p e r i o d ,  I l l i n o i s  
R a t i o n  1 6  s h o u l d  b e  h a n d - f e d  a t  6  p o u n d s  p e r  h e a d  d a i l y .  
A t  f a r r o w i n g  - 3  d a y s  b e f o r e  a n d  3  d a y s  a f t e r  - s o w s  a n d  g i l t s  
m a y  b e  h a n d - f e d  o r  g i v e n  l i m i t e d  a c c e s s  ( 2  o r  3  h o u r s  d a i l y )  t o  a  s e l f ­
f e e d e r  c o n t a i n i n g  I l l i n o i s  R a t i o n  1 6 .  D u r i n g  l a c t a t i o n ,  b o t h  s o w s  a n d  
g i l t s  s h o u l d  b e  s e l f - f e d  I l l i n o i s  R a t i o n  1 6 .  
23 Balancing Swine Rations 
All recommended feeding levels may be altered to maintain breed­
ing stock in medium condition. 
Despite the advantages of the complete rations outlined in the 
Illinois System of Swine Nutrition, there may be specific situations in 
which a supplement can be used both economically and effectively. 
Suggested supplements for mixing or hand-feeding and for self­
feeding with corn are outlined in Table 13. 
Table 13. - Formulas of Suggested Supplements 
Sow Pig HogEconomy 
(For mixing (For self feeding) 
Protein content, percent .. .. .. 
Soybean meal (44 percent) , 
pounds .... . ... .......... 
Meat and bone scrap, fishmeal , 
or tankage, pounds .... . ... 
Dried distillers' solubles or dried 
whey, poundsb ............ 
Alfalfa meal .. ............... 
Trace-mineralized salt, poundsc 
Ground limestone, pounds ... . . 
Dicalcium phosphate or steamed 
bonemeal, pounds.. ... .. ... 
Vitamin additionsd 
Vitamin A, L U ... .......... 
Vitamin D2 , LU....... .. . .. 
Riboflavin , grams .......... 
Pantothenic acid, grams . ... 
Nicotinic acid, grams ... . . . . 
Choline, grams ............. 
Vitamin B12 , milligrams .... . 
Antibiotic, gramsd ............ 
Arsenical, gramsd .•. •.• ...... 
II FOI- mixing Illinois Ratio n 


























Pigs up Pigs fromBreeder to 100 100 to 200 

rations pounds pounds 
36 40 38 

1,100 1,200 1,200 
240 340 240 

100 100 100 

400 200 300 

40 40 50 

80 80 100 

40 40 50 

6,000,000 
1,200,000 1,200,000 1,200,000 

3 3 3 

15 15 15 

20 20 20 

300 300 300 

48 48 48 

(e) (e) (e) 
(e) (e) (e) 
16 or 12 o r fo r hand-feeding breeding stock or growing 
b ~lay be replaced with meat and bone sc raJ;." fi shmeal, or tankage. 
o Containing trace minel·al s as outlined in lable 9. 

d Vitamin and antibiotic or arsenical supplements may replace the equivalent amounts of 

soybea n meal. 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 6  
C i r c u l a r  N o .  8 1 1  
W e i g h t  C o n v e r s i o n s  
p o u n d  ( l b . )  =  4 5 3 . 5 9  g r a m s  ( g m . )  

o u n c e  ( o z . )  =  2 8 . 3 5  g r a m s  

k i l o g r a m  ( k g .  o r  k i l o )  =  1 , 0 0 0  g r a m s  

g r a m  =  1 , 0 0 0  m i l l i g r a m s  ( m g . )  

m i l l i g r a m  =  1 , 0 0 0  m i c r o g r a m s  ( m c g . )  

m c g .  p e r  l b .  =  2  m g .  p e r  t o n  
m g .  p e r  l b .  =  2  g m .  p e r  t o n  
m g .  p e r  l b .  =  2 . 2 0 4 6  p a r t s  p e r  m i l l i o n  ( p . p . m .  )  
. 0 1  p e r c e n t  =  9 0 . 8  g m .  p e r  t o n  
V i t a m i n  A c t i v i t y  C o n v e r s i o n s  
. 2 5  m c g .  o f  V i t a m i n  A  =  1  I n t e r n a t i o n a l  U n i t  o f  
V i t a m i n  A  
. 6 0  m c g .  o f  B - c a r o t e n e  =  1  I n t e r n a t i o n a l  U n i t  o f  
V i t a m i n  A  
k g .  o f  d ,  I  c a l c i u m  p a n t o t h e n a t e  =  4 6 0 . 0  g m .  
o f  p a n t o t h e n i c  a c i d  
k g .  o f  d ,  c a l c i u m  p a n t o t h e n a t e  =  9 2 0 . 1  g m .  
o f  p a n t o t h e n i c  a c i d  
k g .  o f  c h o l i n e  c h l o r i d e  =  8 6 7 . 9  g m .  o f  c h o l i n e  
27 Balancing Swine Rations 
Re earch on swine production is conducted in 
several departments of the College of Agriculture 
and the College of Veterinary Medicine of the Uni­
versity of Illinois at Urbana. For further informa­
tion on raising hogs, you may wish to write the 
following: 
Department of Anin1al Science: Feeding, 
breeding, and management 
Department of Agricultural Engineering: 
Plans for housing, automatic feed-han­
dling equipment, and manure-disposal sys­
tems 
Department of Agricultural Econolllics: 
Marketing 
College of Veterinary Medicine: Diseases 

